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(57) Abstract 



A single-pipe cylindrical reformer comprising a cylindrical 
inner tube (68). a group of cylindrical intermediate tubes (60). a 
cylindrical radiating tube (14), a burner (18) and a steam 
generator (34), all provided inside a cylindrical outer tube (10), 
wherein axial ends of the outer and inner tubes opposite to a 
burner fixing position have double-bottom structures, and tubular 
passages are formed in layers between the inner tube, the group of 
intermediate tubes and the outer tubes so as to serve respectively 
as a reforming catalyst layer (13), a CO modification catalyst 
layer (11) and/or CO selection oxidizing catalyst layer (12), a 
cooling fluid passage (48) for introducing a refonning material 
gas and water, and an air passage (42). During the operation of the 
reformer, if an internal temperature is up to a preset temperature, 
a saturated or superheated steam is supplied from the steam 
generator (34), and, if it exceeds the preset temperature, a moist 
steam is supplied. Since the reformer is small in size, quick in 
starting, and high in operating efficiency, and can produce a 
reformed gas of low CO concentration, it is optimal for a 
combination with a solid polymer fuel cell. 
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^mm\t. ti5riT;^x, LP G^<Dm.<t7i<.m^mmm'^7)i^=i-)v 

eJcSSItt, a5rff;^fx. L P G^omi:7K^?SlM*SSl6fi3J:CJ^^;^c« 

7(c^ & Mi^-r * 86 js: < $ nx s . 

CH4 + H2O-* CO + 3H2 (CH4 + HjO *- CO + 3H2) 
CO + H2O — CO, + Hj (CO + H2O ^ CO2 + H2) 

toiziam^^'Z-m-v. m'^^-<-^m(Dm^mm^^n^iz^nv. ^nmnu:^ 
20 ^mnw.i\^f)^^<D^m7f^m<Dmmz^^Tmm-^n^. 

lt!^W/h^ft07Km^Mjt-r^eS:M§l<i:LT«, 4#^¥ 1 1-119 

0 nzm7^^nxi^^^^z>u^mHm^^mmm(=>nx^^^. co^irnfgi 
iCBfeMStt, 2z><DF]mmizmimm^^m^'^rzFim^^(D^'L-\z;^-i-^<D 
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5 ii^^m^n. m^m 4 <Dmmizm-f ^ ntzm^^ 9 (7)±gp(c«A'-:^si#^ 

6 tcJ: O^Jt^nXA'-T^- 7 75tg2«$n, nfSf 1 *5J:rXl*Fl8i 3 OTJStC^^^ji 

^t^\z. mv^iz. mu<Dm^ii:^T!)mmfS4(DT^<i:0[^m3<Dp^mizmA 

^-t?#m$n. i-^T^TK^^efeM^^fftDn-s. eJcM$nfc:M!|6^:yx(a:K:yx) 
.±-r^±^mizi^c. z<Dmiz^niS7.(Dm'Dmmy}^^mm2<D[f=im<D^nj: 

20 

1 \,z7h-r^^(D^mnm%^nmt.:iR.(D^oti.mm^m-t^o 

|^1Bi3 0fijntCci:'5efeM^XOfiStiS, 

\^wi3<D^mz^^^'^msk<Dv&m. 

A. i*ifSi 3(^^j^(Cck^^i^-^^l:^iRl<^iDf^ 
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(2) m^M9^^^mzMVX[HfS3 t9\'f^ 1 H*ii<7) 1 t5C(7)^« 1 aTtt^ 

\z^^mmm<t. ^^f3:mmmm.iz.i:^M^(Dmm:(Dmm. Mmmm\z^ 

^•ft. m^(DmmFifis^^nux±BSL^nft^miS:^iziti o%mm(Dco 

15 ^fxcomm'^o . 5%mm^xm'>^'^rz±x. ^(bizcomi^wtit^'^n 
iixcomiRWt<tK^-^nfs.iD-^. comm^ i o p pmmmiz^xi&.m^'^ 

misimtm^^mFifSi^^nmiimwnznifi>i:. fi^m<t. mmm, e»itt<7) 

20 

^m<Dm^ : 
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R tsf eJcMig * iS«-r ^ c i: ^ ^ . 

5 \zmm-^tirzV]m^mmo.-y\^t.. mmf^iS(Dmmx$>^x^%:^m\zrBm 
t:m^^xm'bmzmm.-^nrzF]mm^^ mmumoy^myji^'p'bizisLmf 

:x-.y h i:<Dri\^^zsmt^^miS3.-y hiim^i^^t(Dm\z^n^tm^m:ff 

10 f}^-Dm^\zmm-r^mn(Dm'^m^ii^m-r^^WFi^^^n^x;^-z>x. m 

ifi. muzm'^(omm^mi^>xmm-ri>^z>iz, ^n^nmm(Dmm.xm±-& 

±ia*%Bj<D^ 1 <DWim\zi5i,^x. m^d/'^-^it^nm<D±mzm^^ti. 
15 mmmm<D^mmmtmmii<^i^m9^p^m<D-fmz^n^nmK)i^i-^enx 

±iB*^B^om 1 <Dts^mi,z^^m-mF]m^iknmtmnm.m.\z^m-^n^o 

m<Dp^mxss>-ox^m:^\^\zri\m^m^^xm'bmzmm-^nfzmp^mt. m 
mnmtmm^fss<DN]x$>':>xi^^ij\^\z^ti^nm^^mi^^xm'bmzi&m: 

T|5l'L>!|^lCiSg$nfcRfl^$lltfgi<i:, ^fil^ff8^<7>¥S:^^^4''C.^^3^4B■r*«fc ^ 

(Dri\ii^zsm^izmt&-r^^^ri\momf3.ibmzm^^<D^riifsstm^i^mh 
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2. i£i:nmm^%^i^rzc!knmmm<D±^mmz. ^mMmi^^^mhrzi- 

3. iknmmmoy^^mizmiknmmmtTm'vmfi^i.. afi:S:^x*±#$-B: 
T, m^n'»:!^f)^^m-ri>i^^^nmmmizmm'r^m:mi\sLmf)^mi^ibtix\^^ 

10 -So 

5, mtd^nmnii:^^^n-ri>iicnmmm<Di^m\zm^nmmmiiT^x 
IKS (aT^7 hMtfcVi^o ) mfs.'>y hmo^nm^znn^n. wa^y 

25 6, f»iI5liKScD±gB, ^^OTj5itfi!l<^-gB«i'JCOa5filcMj«Jl(i'Jv7 h«) 
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m^ii^z:^'t(Dmwz\t^n.m^:f)^m ^n. ^^^M^miziiLm-r^^fBmo 
'pu< t. feflij^fc L < \tm.mz^mMxiif)mn ^n. m9\'m\z^^-r^^f^ 

10 10> Htll5P ROXUti, PROXSch. ROX^<DH^rS:^*^^t^nfc 

I^HIiRBJ: 0 t)m«l$nxvi'5. 

20 14. '>:7 h®<i:PROXB*5ckC5/^/::«^2>'7 hJli:Oil5i^lC:te(/iX, 
v7 hB75^e>c?5efeM;y7.liP ROXS43j;Ut/^^ctS^2 h^O^I-fi'JtCJ^ 

j«$nfc^$cassic— B.#aj$n, ^Lx^mai^icx^^<i:^diE$-a:e>n;t 
25 15, ±m?kn^^^i^m^=f-mmnmm<D7m^^mtvxm^^^. 

16, ±IB¥ffRl§iiC:a:®§gc73M^Hi5LXii. 
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\-mo)mm.tf}m^m.m\z^^^ti^^'^\z:/si^x\^^^o 
<D^m^\z[^m<D^Mu^Uiz:itnz^^^n^<D\im<&T^m±-r^z.tf)^ 

20 (5) i|iilt1giO-^fB<^:fe^®<hbT3!in^^n^7K^^^^I§<&^tt>^c;i<i:H<i: 

omm^^mzmmx^ ^ z. iif)^'=>m:^m^i^±x^^o 

25 (7) CO^fi5cMjStS<i:COjl^^{kM«E®*3j;UJ/^/::tim2 v:7 h^iio 

i^y hm^x-^<tf)^-simtu^fzo X. co^^mmmtcommwt^tmm 
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(8) mw\sLm(Dmmtco^0!immm(D^mt^mi^'r:M^L. ^m^mn 

omnwL<tmmm^^z^/'^rz\-im2 i^y hm<omi<zm0zvrz^^mnizmx 
com^mtmmmii.i:uy^rz\itf^2'>y hmo:>^mi.z^nmif^K^u 
10 itfccticck comiRWt<tmmim^^uy^rz\tm2iyy hm^z^^^i^ 

omisimtmimm^^z^y^rz\tm2->y hm(D^m.^m^^'^^^m.m'tm 
^%mm<o^mz^K>m^iyrz<Dx. ^Misy.ii^^t(DM'^^wv^U'^mfS: 

15 (10) co^0!zmmmtcomi^iwt<[:mmmiij;:zsx^fz\,tf^2i^y hmt 
(Dnwzm-ffzi/^wmi^^izx. ^nm7i(^t:mt^-^^zttvft<Dx. mn^ 
m^^i>ziifsi<^-( ^^m^x'^i>. co^^mmmtcom^mtmmma 
. ^xs/'±fzi-im2'>y hm\zn-r^^^f3iy^mmti^n^ztt)^x^^o /x 

20 (11) 7\imn.^^^(Dm^^^mmT^znzj:K). soTK^masr^Hi/ 

m^mi\sLvxmmt:mib^zit^i'r^^i>o ^tz. co^0^mmmtcomi3m. 
<tnmm^^z^y^r::itm2'>y hm<Dmm^mwT^z.tf)^xt^o 

(12) ikmiiy^(D-m{tmm<Dm^^pmmuT\zm.mx^^ztf)^(b. @ 
25 i^^^=f-mmmmi\^<D7i(.m^^mmtvxmmv. 'i^rn. ^^m<Dmnmi&^ 

(1 3) co^^mmmtcomi3iwtitmmm^^z//'^rzitm2>^y hm^^ 



wo 00/63114 



PCT/JPOO/02581 



9 

5 (15) mMi\^m<DTm^zco^^mmm^mirzziii,z^y). a^^^^co^ 
^mmm(Dmm^-rit-p< mmmitb^iizmt>izco^ 

(1 6) co^0Simmm^mmvrz^n:»:^ii^m.ii^±^\zmwr^:Ltti^ 

m^R'c^m(D^<(D:^^m(DB&^. tsii^fsih>z:^izmj^f}^. :^9^m<DmmiZ'^ 
m\zmmvxmm-^n^ z. t\z^ K> . ^mm\zL'oxmihf)^izf3:^x$>^^o 

15 

0 4 «EI 3 tc43 S IV - IViiift tC0 75:7K¥»r® a , 

m7{t^^m(Dm4(D^mmiz^^m'^F^m^^nn<Dmv&m^^7rirmm 
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5 EI 2 «:*:f?BJ(7)^ 1 <7)|IM^J{C<k -S^lf RfS^eJcSS§<7)«!!tB&1^filci£:^-r8!»f 

j&^^n^mmumz^nfimsti^^m-^nxi^^^o ^eic, p^n 3 op^m^z 

loMisi hiimm3<Dmiis.3 aii<Dm\z\t-'^(DfBmt}m^ti>o ^ntn 
a, MIS lb, 3a« (Pim<Di^F]m.-cfs.<) !n-miisj:wm3(D^''by7 
\^\zmvxiimmm.tf3i'DX\,^^o 

20 mts. (IS.W lb, 3 a;5snfSi 1 *5cfcc;f^fiS3 oT)®^c^n-e*nl^o^t^t 

25 i43ck^;^f*ifSi3o«i;^i^o^^{4^«:#-!i:-r'5t^ic. es:S:^x;!>«ie;iic 
^i^^x^mm^f^z-^^u i^^i^j^A^ 6 ill: tc ^ ^ $ n -5 . 



wo 00/63114 



PCT/JPOO/02581 



11 

m^it. uifiiiT. (13A) ^^i^t5.^mp^tmmm^m.AV'<-i-7\z^ti^-^ 

5 ^mm^^izunmL. mmizmmm 4 (Dru<i:K> 3 (Dp^m^zmxvx ±^ 
mtu*). p^^3(Dm^m\^xm.m^iz^nf&m5^m^L. ^n^<D±^^ 

10 ^m^^T\i^-r^rBVz. mmiixiz^Kimm^nx? o ox:mm^xM^n. 
-\-^f3iyi^m%^mmyt>n^. ^nmm(Dum\t;in^^mLx^^i>m^m^ 

15 m. cois^ucottiii(DiM.'ttfx)tvx^n^(D±i^^f)^i^9\'i,zmK>tii'& 

20 :^^BM(Dm2(Dmmmtvx. a sic, /jNMiismifRfSi5:aJcK§§(c^-r'5- 
mmeot. :in^<D^missm<DMUzm'hmzmf<bnrzp^fis6 8 ^<r> 

F^fgje 8 <i:S=fol^i'JtClS:tt^n/!:4'rBlfgi6 1 ii(Dfii\Z^^-^t\.tLW^^f^P^\Z 
25 ^tt^n^ceicKMiS^^ 1 3 , ^Te^fie 5 t 6 4 <h(^)FBlfCJ1^fi)c$nrcm4^^rBlf*I 

n^ite.nfccofgfi)cMjai^ 1 1 (jsjitv-tk^i i^fei^-^. ) . st^fin 

\ZWL\^^ntLCOWSiMiVcmMm\ 2 (JIJ^TPROX^I Bi'bli^o ) ^75^ 
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OttiL-P 2 0 . jl07X^^^0fcbLP 2 1 . 7K<7)ffti^n 2 2 . BjSIS^;^ 

5i.fi 1 0 cDfe^tc^p Roxe 1 2 ^^m^««&-r'5^^ass4 2i)m^\yXh 

-5. ;i0^magS4 2«j£gBT^MfflCi^i^U/ ^#:S:^me-e^tr>'r'^'y 

15 mi^f^me I tf^2^mm6 2(Dmt. ±T2©izpRox]i i 2 75^*j^fi!c 

LTS-S. Vi-rn<^P ROXS 1 2 t). P ROXMliB 4 4 t^m?g'&e4 6 
tS^^J^O, T^OP ROXM 1 2 aitMW'^y 1 1 iiTSBTHilb, ± 
SOP ROXe 1 2 b«±ggTafe®:^/X(DfROaiLP 2 8 tzSSi^ LT(.i*. gfe 

K**xo5iDmbp 2 8«, 0^j>L«a^iej5i'TM«!S5i6fm?&i o o<DmniJ:^m 
20 !Si&^i 0 2 c^i^^n, afeK;^/xo^oaiUP 2 8 7i^'=.iiDm$n;^:p;f^<7>2g 

25 ^^ig^S4 6 OF*qSBtCtt, pJj^(Dmm(D±^S.y^WyEmLX$>K>. ^ 
45i<M^$n* i^itCT^t^TVi*. ^^#A?L4 3 75<^^S'&®4 6 
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1 i^*S5JcLT^^, iyyhmi lit. ^(D[H^izco^^Mmfi^^mLx$> 

15 0. mmHRms 0 i:±^Xi^imV. TSBT-PROXB l 2lCgEii^U. COCO^ 

^s+KfSfe 5«->7hsi i(^(*i^T. m6^mn6 eitmmmms 
^m^m4 9x$)0. ^rzmm<Dmjt^ti^m^-t^mmmmtu^xi,^^o 

0 1/2~ 1/5 tJ^CoTVi-S. -1:^5 ^l3JOie@75«ii8S>liO 1 /2 SrjffiA 
25 f ffllBfe 7 iSrfM'T^t-^acSMlKB 1 3 iceSf'SSIfgSr^LTli 

TSP{c5ii9#tte.n^i£«7 8 (hor^tc^PB'jT&tj^Bjc^nTLis. 
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5 atcmmmtix^TKm^^nt^^nmm^yEi^Lx^^o ^mmmmi 3\t. 

^•(^TgB{C*3ViTF«qiei 6 8 (D^WL 7 8 6 "l^^fSf 6 6 7 6 t<DmiZB 

^^nft^m^iffvx^mums o<DTmizmmLx^^^o j&^7 8t 

10 [H^6 8<Dp^m\zi,tFim^(Dmmcmmi 4f}^. 8i:<Dmizmm:^mm 
x(DBmmiix^mm'&'tt^mii7sm^iivxm^vx$>K). ±^xmmmis 
ms 4^^^if^nxi^^^o 

15 tKII^^^SS 3 4 -M^ei^BSMl 4i:Ufe^R^T. P^gUHRSSSSS: 

□ 2 0 t^K<Z5#t»&P 2 2 75^ai^SnTli*. HtC. 7K<7)Wlii&P 2 2 OdSitiP 
^fSiT^fiiJtCtiilOTK^moSlOaiUP 2 1 j5t5H9#ttT*0, TKH^SlOm 

UP 2 0 i:so7K^moiioaibP 2 1 ^n^timm^s^m-r ^mm^B 

20 (EI4#Rg)&:n'UT3S[SIl)|ef:^X.i:7lc|im<i:(Z)m^5*^^*:>-ti-S5«:#^«&P2 6 tcj^ 
ei^RS^l 4<D^>b\Zit. A'-:J— 1 8 7&?^tte>nT(.iS. 8^, 

'Xn(Dm-^f}^7i^mm.9t±^3 4(DTm:Ji.Ttf3i^i^Lml<zmmvx^K>. /^-i- 
-1 8\z.^'X-^nx, 'Xnf)^ihmmxi^^^mx%, "to^mtm^^^iss 
25 4 icjai^*^A>e7'j:ti<fc^ tcges^nrvi-s. 

lttB>«tC^<^:-S75:^«&P/^j: ^DflC^ 0 tfl U P«l^*»nTl.JS. 
0 4^#S8UX2|s:^H^O¥1f niSi^a:KSlc43tt^7K^^<i:acSl^!|6f;^Xi: 
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20 3 4tZ7Ka7i^«^$n'5 (F-1) . S^(/iT, ^m^^^izmf ^tlfzJ'^-i — 

I 8^ij^'X^nx^nu<Df&wif}mtt^-^n^ (f-2) i^^n, isi^TK^^b 

/N*-:h-l 8 t3J;-2)MSfi|{Cj;-r)T3S:®t§gf*I<^mar75«:;^llfCi^< i^-ST&t, 
^IC^ff-T'Sg^.iiLTv^ 1 1 <Dm'0&L!^P\Z:t5if^MmTy}mm^ 

25 (F-3) . :i<DmK)M\^jkm.mTA^2 0 ox:&.±^^ao:d^(Dpmf)^r3i-^ 

n (F-4) , Sf «9jgU.'^jaST:^^2 0 Olce;±(C/j:o;tl^;i^T'IS93iE#B75^ 
'^^{zm^^n (F-5) . iSJ^ftTK^mb 1 {Cf^>tT?e?*e<D7K«:#trS0*^ft 
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M&TA^ 1 7 OX:U± 2 3 OX:&,T ( 1 7 0 r^T^ 2 3 0"C) l^$>^fi^az) 
75^^x yi7$ns (F-6) . ^OjgL,s^.MST75>U 7 0"CJB;lTlC;5:o?t«^ 
iZ\t. SOTKIS^b 2(D^«&S$:fflI;SLSJ;-5(3, ^OiIL.q^MmT75«2 

mmtj^m^n^ (f - 7) , 

mKii^L}^umTf)m^u^m.m (1 7 o"c^t^2 3 ot:) c^^st^T 
^^-r^i, s»i3iib«^TL/, ^'^mmf>mt^-^n^ (f-s) » 

10 (F-9) . mm^B(Dmmmmi)tm (f - en^F - 7) 

izMK). M^^wif}mz.(bfs.ntnt. ^'Nimm^mn^n^ (f-io) , 

^m^<Dmm^mT-r^ti^\t (f-i n , a--:^-i 8f)m'X:^n (f 
-12) , ^0)^, mm^B'pm(D±x<D^f}mcibn^ (f-i3) , 

15 s§§8 uci5jSi>t, &<t. wtm-^n^o 
( I ) mw)^ 

i-r, 7jcO«i^P 2 2*^^>a:«ffi(D7KaSr#^j8^U, 3 4 f^tCzK* 

20 S^:^X75^'fEl^RiMl 4 <i:l^1Si6 8 (Dral^iij^UTt^SillS^^yxcT^lfOmbn 2 4 

^m%^s3 4«. ei^Rs^i 4a:f*3fif6 8 (Dm^MmiT^mmmii 

25 m-^ti^o 
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T(.i*3:<i:*^^), e»B#tt7jc^^b if}^ib(Dm^z^KiKj!^^\ZiSi'mumm^m^ 
(n) ^^iiitoi^ 

^LT, ^K}t-^^^x<DMmf)^pJi^<Dmmizmi.. ^'^itm^zmr^t. m 
rsi:, moTi^^m^b 2\z^^n^mi^<D7^\t. 'f^mmi$^n4 8izxi^yhm 

1 liPROXPl 2C0S;&^<£r©iRb^Si-r^. Z<D7i^^(DmtiZ^^\&m 
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20 ^^mm^^^T-r^o ^^k>. ^^^rms oitT:^f}^'=>±yjizn<\zw^^um.-^^ 
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m5 o(Dmnm.m±^timu^n^z.ttf3:Ki, itctfiXz^y hmi itj^mii^ 
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tP^cO. A*-:M 8 fi^-Di^^y hM i i^PROX^ 

1 2 Sr^fbl^tCfc hm 1 1 ROXH 1 2 ^RlT^<^MiKtCjqi 

15 $ij'r^:i<h75^-lr^^/t«6, ->:7 1 ITTli, C oe{b^75^±#T#, PRO 

hK^^^W\-tZ>:L2iffi-^^^o ^tzZ.(D^o\Zi^y hm\ 1 a:P ROX^ 1 

^tzW.\Z. hB 1 1 -^P ROXe 1 2 Sr^^^-r-S^^fC, ?^^SStf*:?S4 
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^^^M-^MA 6(D[^^^^mx-r^o ^nii7.it. ^mu-^mA g^'Mt^t^ 

m^^nfz^m-^pRoxmmm4 Aizmx-r^o^-c^ pRoxMjaEP4 4t 
<DKJt^\zi5i.^xm^ffiifsiMWimmm<D^^i,z^^^'Z^muy\(^m(Da7.^^<z 

10 tfJ^X'^^. ^fc. ?L4 3 =£ftlctC^^-r^ :i<h7&^T'^^<DT, PROXMl 

2\z^if^i£M(DiiLm^^^^^^m'A-r^ztf)^x^. ^n\zJzK), co(Dm 

5 % . ^ ^ > 5 % , - ^-fbrn?^ 19%, 1 % , -mtmM l O p p mJE/.T 
20 PROX®l2ti, PROXm\2t.9\'U\0(DmzFROXmi2\zm-X 

(ID) a^5t^sg(^m?t^iftBf 

fBi^A»<Das-ceJcitii2oa^^*M7J«^i[$n;rc^^, fft«&P2 6;!)^6««& 
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lcefeKffl7K(^#^«&»'bM'>$-li-*£^S7&«^*<OT, i^yhmi l^PROX® 

aiLP2 1 izmm-r^mm^B^fgiio. m^^rcitmm7i^mn.m*) tuLa 2 0 

;5^e><Z>iafO*^«3ai!t7K^mb 1 <75®OAn$:lSJlB$-B-S. :i<7)«t 5 tC^f^&t- 
'Sil^tcJiO. ^'iMI;^l§ft«^*^C*;it;a:< 1 1 ROXH 1 

20 2 (Dum'&wj^umiz^nT^^^ m^^^u<D^m\zni.xmi^^^-^nmx'^ 

25 C(D^n^8 2it. la 6 (C^f ct-5tC. f^Ifgf 6 5 OP«>jfijOlS$: P^iSS: L , ;!)^^ 

€ 1 1 t(Dm<D'^mz. p Roxg 1 2 izwtm^mti^-r^^^m^A 2^mM 
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_LsB#*jT:«. PROX^12a, IZhiZ^if. iScM^ 8 2 (DM^VmiZ 
5 2^{C|$tt/!:75^\ P ROXH 1 2 It l^Tfc, ^ ^ t.i« 3 ©UA±T t>«i: < , M 

fci^y' 1 1 ^mnmizhm^. ->7 1 1 tPRoxm i 2 t^s^i-s 

lZ2StC^ttTt)«kV^. XP ROXe 1 2 tbT(DCOl^^S$:afel!lg8 2 t 

mzhnn. v7 hmi I b tp rox® i 2ii^m^wnz2m\z^\irxmf 

XSb^o $btC, v:? 1 1 a .hP ROX® 1 243cfctK/^/t«^2 ->:7 K 

hm 1 1 <75Pb1. ■D^omeF'gitie 6 i:m5[^i^6 5 t(Dmizmmtt5 3^^^^ 

20 ^tlTCi^o 

Sfc, H 1 f^fliSe 1 «Jill2f^1^6 2 t<r)f^izm^-^tl^mif\'M(Dm^^^s 
0*0^2 hii 1 1 b<hP ROXB 1 2 i:<DrBlt;«ft^« 1 7dt^ttT* 
0, tt^^ 1 7 iZ^ K>iyy hmi 1 b^:PROX/Sl 2 t «E5^$nT(.iSo 
->^h@l 1 bOT5it<?)^Mt3«g^aiP 2 3 7!)^M:^[^lCt5(Si^^tw8 '^^rJ^eJc 
25 ^nxti^o *rc. P ROX® 1 2C0±dlt<D^^lZ«#AP 2 5 75^. PROX 

ffl^^<D#^»&D3 o<Dm.om-fiiLmizM^vx i •::3?^fi)cUT*^>. 

^j^ 1 0 6 (Dm. HJzZSm^l 6 ti£1£7 8 iKDmiZ^^U^^^m 
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ocDmmiif^m i o t(Dm. ^^xsmmi^ms o ti^y hm i i (Dmizvsimti^ 

IHfisjirPS^f, la 3 «BI6 C^b:/:S:efe!SS8 1 , 8 2 Cfflt^TfecfcVi. 

^7 he 11a, m2 ->y hm 1 1 hfSi^X^iZPROXm l 2*^^;5:^^1^ 

10 ^zj^f^2iyy hm I 1 h^mm^n^mm^mm-c^. ^se^^isiiR^s o;5>e. 

15 7he2 7OM0f^ffij5^¥<f^»J^tgi:;^O, eScSlg 8 3 <Dfil(Il^#PB15£^iHS■r 
*Ci:7i^-e#S. mt^y hm2 7 (D^^\t, ©jv^ h@2 7(Disgizi^je»i 

7 hS2 7 *Ti:bT«^uTt><kv^. -^-UT, ^ft^i^y hmm^mpLftm 
mmm^^mmw-mFim^^n^izmii^r^^z>izLX'b<i:\^^o z(Dm^xh. 

miFR1giiCacM§§-e(73SiJi/7 he 2 7ec»MJS±#;!»^¥a6^,n. giJ'>7 he 2 7 

25 m2v7hei 1 bOTdSO^I'MtcS^aiP 2 3 S:M:;^lBltC{at^l^^tC8 *Rlff 
J^fiJtL. ^fz. P ROXe 1 2<^±aiEO^S{Z^An 2 5 iS: 1 PROXffl 
^m<D#l«&P 3 0 izn^^lyXm^LfcZLtf)^^. ^2 he 1 l b^raiSb 
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\zn^t:>nx. ^n:»7.^^PRoxmi 2\z'mx^n^:itf)^^. m^mt^ 
it-Amm^<nut>n. m^m<tKjt^\z:iQn^7i^m<^m3km^mf3'p-^< lx. 

10 PRoxn 1 2 <Dy^i,zf^2 1 1 b^mwi^ f3L< tt>^^^o ^(Dm-^ 

^nXA><bP ROXm 1 2izmX-t^J:z)iZi^^o PROXmi 2^1SL 

grfbis^ ^ ^-r -5 s ^ ^£ ig:^ s c f& u T i^igi $ -fr ^ o 
15 i»r^t*«, £^-rLh±ti±x(D^miz^mr^iii^m\tu<. ^n^83(D^ 
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5 x^m:^\^\zr^m^m.^^xm^L^vi.izmm^nrzFimmMfi5t. ^m^^(D^m 
:^j^^'biz^m'r^<i:o\z^n^(Dmyj^-ti^^iz^n^tirz/-<-±t. wih 
^^iim^^r^m^mt(D^iij;:v^m^^mm^mtm$^i^mt(Dmz^n'e 
n^%:^\^mmzm0!si-^n, (>u< iih-mziiknmmmtf3ii>^nMmf)^^ 
m^nrzm^i,zmm'r^^fk<Dm^m.^t^m-r^m.mmm^^mmx$>-ox. 

j^giJ*^ :s.i^^{zmM(Df^m^^^^xMm't^^^iz. ^n^enm^^KDrnwixm 

zj^m$E[f^n(D^n^nTi^iz^K>niir ^nx^-^^ zi t^^WLt-r i>m^m 1 \z 
15 laiPtomifRfm^acMig. 

5 . mt&^'SFin^^n^t:m\^^^^nmm,t(Dm.^'^t>'^iziin^m 
itMoif^ifgi^^fiiL, ^n\z^-oxntim\f^mtmp^^<r>^mmii(Dm:^jz 
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J: ^ ic^tt ^ n/s:^[HiiR® * ^ Afis-r s ;i m i:r SM^^ 1 

10 f3i<^r^i,z 6-8 3S(DVi-rn75^ 1 3ifcfBi!c<7>mirRt§f^a:«§§. 

i,ztn'enm^^m:^^xm'b'^\z^^-^nrzm^m<DFiM^mnt. mm^^m 
(D^m'c^-oxi¥^m:^\^izm^^m^^xm'bi^\zmm-^nrc^i^mMf^ii. m 

-i-t. mtd^fstmp^^(D^mmt<Dmi5^nm^izm^-r^^^mm<Df^ 

(^rji< th-^^iziknmmmtfz^iicnmmtj^^m^-^tirz. t^-D. :s.^^kz^m 

m%£.^nmiskm(Dmm^nn^zn^'tz>^^m^n\zm^nmkmt^mt- 

^b^'D^zWLn^ritzmmm.mt. 
25 ^^Mum<r>^mm<D^^m.nn\<zm^M^mt.Mm-^^^o\zWL\i^nrz 
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5 12. mm^^i^mizit. i^m^^^i^^^^'^^ftibiz. ^(Dm^mnm 

10 cfcoT. a:K^;)^?^0^n^J:e>HLAc;i<hS:i^^c!i-rs»5^3Sl 1 ^fctil 

^11-13 0(.im*^ 1 3HCtH«tCDmWRfS!iCa:MSi. 

15 15. HnSE^[eIJRIi<^^^^J^55cr^4'ra^1iiiWfBCO^J5)cMj«Scoi^M 

«h IB C O IgfiScMii^ <^ & JSKi" S 4^ rem ]S« i: <Z3 FbI Klrl^® <h 7^ 
^l75^J^fi)c$nsci:Sit#Sfct-rsa^JS 1 i~i A(r>\^-fixfi^\T^\z%SM.(r>W 
ITRtti^acMS. 

20 16. H(rlSCOiM^m{t:M«EaconM^J^fi5c-r^«^gI5<^^rBm<i:WIB^1. 

C O jg^K^kM^E® fl^fi)c t" S «^gI5<7) ■4' PBm<Z) Jitfe i: WIS R ?^niSf <D 

JS«i:<Z)PB^lcSflf2^ma88i:^3i-rs?SR©*?J^BK$n. ^ «=»cwiecoM^K 

«»A?L*i?^fi5t^n/iC«i:S:1tSlt<i:i-'5^^^ 1 1-1 5 (75Vi-rn:«M JStClBife 
17. ffilBCOM^gEft:M«EB«, COiS^^K<k«!ll«E^^e<i:. ^COiS 
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1 8 . mti^^U'tmizit. m^%n'^m<Dm^m<D i / 3 - 1 / 1 o t 

^« 1 7 JCIHm<^mWR1ii^acKSo 

gB c o igfiKMist ^ *5 J; txtiiiH c o mtRmtmm ® <fc ix/ * «^ 2 c o^bk 
10 i:^i*g!j<h-r'2>i»5tcJS 1 1 ~ 1 8 (75Vi-rn75^ 1 m\zum(Dm^Pif^^^M^o 

20. iS^iUfcRJ^^ISii:, ^^I^Of^JfiHTi^o T¥t£:^rS]lcrBlRgS:ilVi 
-:^<h. HufBl^fii<hSF^gB<7)^PBlf§i<h(DFBl*5iDfS(.WC|SIJ^?T^^4'FBm 

fiibmzmM<D^mntmui^mt<Dri\iz^n'enmik:^\^m^izm^-&n. 

^ ck e> lets frt b nfcf^ [HliK® , 
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10 2 2. mt^mMi\^m<DTmmizmco^^mmm-f}^m-f'btixi.^^z.t^ 
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25 gi[<i:-r-5fS^3S 2 4 tClE«t<7)mif Rtti^acKgg. 
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2 9. SagE»AP7&^IStte>nTli<5l^m« l fSmcOJ^^-T^SChSrltmi: 
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3 1. HtIIS)^aJj5iE«tSStC«eScMM7K75«S5A$n. g?&^fJlE<i*igStC^-r*HO 
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25 3 2. Hu8S^WRf§i^a:M§§^*m%^ISSiLT^l^^@<^l«^^^*?« 

nmi^t(Dm,^^t>-^iziii,-f^mjiicJM 1 1 2 0 (Dii-rn*^ 1 3i{cEE«<7)mw 

3 3. WI5mi?RfSi^a:M§g«:7Kjg%Sfe^ga:UTfflViSH<*:iS5)-^S*!!l 
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p^ntmti'pmm^mt<Drii:^^u^mtd^ri\n^fSLtmtd,^mt<Dmz^n'^ 
nm^^^ti. 'pf3i< th-'^iz^nmmmtfi^^nmmf}^^^-^tiftiis.&i(o 
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20 3 5. jt5xL;^cRJ^^1-fgf<i:« ^^fgiCDI^#J-t?feoTi|^S;^(S]tCPBlRiS:S^i 

fii^xs\zm9\'n><j^^fii^t.mm9\-mt<ofii\z^n'^nj\^^-^n. '>u< tfc— 
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5 mcom^mmm(D9ymmo:>mvtm^^zmco^^mmmt^m-r^^z>\zWL 

^ ir> ^ X i * ^^-r ^ X 7^ ^ t , 
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tK * & « X i: ^ C ^^^-r S X 7^ . 
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20 a)7K^^eS:MS:tf ^X7^*y yi:. 



wo 00/63114 



PCT/JPOO/02581 



1/7 



m 1 




wo 00/63114 



PCT/JPOO/02581 



2/7 
19 2 




wo 00/63114 



3/7 



PCT/JPOO/02581 




wo 00/63114 



PCT/JPOO/02581 




wo 00/63114 



PCT/JPOO/02581 



5/7 

ISl 5 



N 





- ) 










F-l 


c sne 






F-2 



v/7 hSff USU;A 
9aT OttU 










F- 


1 ^ 





F-5 



WC$T[^230"l 

F-6 

lY 



( BlbltT ) 



F-8 








F-12 

r 


m s ^ ^ m 




F-13 



CEiD 



wo 00/63114 



PCT/JPOO/02581 



6/7 



0 6 




wo 00/63114 



7/7 



PCT/JPOO/02581 




INTERNATIONAL SEARCH REPORT 



International af^lication No. 

PCT/JPOO/02581 



A. CLASSmCATION OF SUBJECT MATTER 

Int. CI'' C01B3/38, H01M8/06, H01M8/10, B01J8/06 



According to International Patent Classification (IPC) or to both national classification and IPC 
a. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
Int. CI'' C01B3/38, H01M8/06, H01M8/10, B01J8/06 



Documentation searched other than minimum documentation to the extent that such documents arc included in the ^^^^ 

Jits^ Shinan Kbho 1926-1996 Toroku Jitsuyo Shinan Koho 1994-2000 

Kbkai JitBuyo Shinan Koho 1971-2000 Jitsuyo Shinan T orolcu Koho 1996-2000 

Electronic data base consulted during the international search (name of data base and. where practicable, search terms used) 
WPI/L 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



X 
Y 
A 

X 
Y 



X 
Y 



Citation of document, with indication, where appro priate, of the relevant passages 
jp, 7-240224, A (Sanyo Electric Co., Ltd.), 
12 September, 1995 (12.09.95), 
Full text (Paiaily: none) 

JP, 7-291603, A (Sanyo Electric Co., Ltd.), 

07 November, 1995 (07.11.95), 
Full text (Family; none) 

US, 4692306, A (Kinetics Technology International Corp. ) , 

08 September, 1987 (08.09.87), 
Full text 

& EP, 241166, A & DE, 3779350, G 

JP, 10-167701, A (Matsushita Electric Ind. Co., Ltd.), 
23 June, 1998 (23.06.98), 
Pull text (Family: none) 

JP, 64-45736, U (Fuji Electric Co., Ltd.), 
20 March, 1989 (20.03.89), 
Full text (Family: none) 

JP, 9-278402, A (Fuji Electric Co., Ltd.), 



Relevant to claim No. 



1-6 
7-10 
11-36 

1-6 
7-10 



1-6 
7-10 



9,10 



^ Further documents arc listed in the continuation of Box C. □ See patent femily annex. 



Special categories of cited documents: 
"A" document defining the general state of the art which is not 

considered to be of particular relevance 
"GT earlier document but published on or after the international filing 
date 

•L* document which may throw doubu on priority claim(8) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 
"O* document referring to an oral disclosure, use. exhibition or other 



*V document published prior to the international filing date but later 
than the priority date claimed ^- 



T* later document published after the international filing date or 
priority date and not in conflict with the application but cited to 
understand the principle or theory underkytng die invention 
"X* document of particular relevance; the clanned invention cumot be 
considered novel or cannot be considered to involve an mventive 
step when the document is taken alone 

document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document Is 
combined with one or more other such documents, such 
combination being obvious to a person skilled in the art 
document member of the same patent family 



Date of the actual completion of the international search 
17 July, 2000 (17.07.00) 



Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile Na 



Date of mailmg of the international search report 
1 August, 2000 (01.08.00) 



Authorized officer 



Telephone No. 



Fonn PCTASA/210 (second sheet) (July 1992) 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JPOO/02581 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, wdiere appropriate, of the relevant passages 



28 October, 1997 (28-10.97), 
Full text (Family: none) 



Relevant to claim No. 



Foim PCTASA/210 (continuation of second sheet) (July 1992) 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JPOO/02581 



Box I Observations where certain claims were found unsearchable (Continuation of Item i of first sheet) 



This international scaich report ha s not been established in respect of certain claims under Article 17(2Xa) for the following reasons: 
1, n Claims Nos.: 

because they relate to subject matter not required to be searched by this Authonty, namely: 



^ ^ ScM^^cy relate to parts of the international 

extent that no meaningfiil international search can be carried out, specifically: 



^' ^ tecwws^itoy are dependent claims and are not drafted In accordance with the second and third sentences of Rule 6.4(a). 



I Box U Observations where unity of Invention i s lacking (Conttnnatlon of item 2 of first sheet) 
This International Searching Authority found multiple inventions in this international application, as follows 



Although inventions in claims 11, 20, 35 fulfill requirement of unity 
of invention, inventions in claims 1, 34 are different in technical features 
from the inventions in claims 11, 20, 35 and therefore are not considered to 
fulfill requirement of unity of invention. 

Accordingly, the applied claims 1 to 36 describe three inventions . 



13 As all required additional search fees were timely paid by the applicant, this international search report covers all searchable 



claims. 



2. □ As all searchable claims could be searched without effort justifying an 
of any additional fee. 

3. □ As only some of the required additional search fees were timely paid by the applicant, this international search report covers 
only those claims for which fees were paid, specifically cUims Nos.: 



4 n No required additional search fees were timely paid by the applicant Consequently, this international 
search report is restricted to the invention fu^ mentioned in the claims; it is cove^ 



Remark on Protest □ The additional search fees were accompanied by the applicanf s protest. 

(~] No protest accompanied the payment of additional search fees. 



Form PCTASA/210 (continuation of first sheet (1)) (July 1992) 



s^mmm^- pct/jpoo/o258 i 



A. ^m<om-ri^»<o^ mmrmm (i po > 

Int. Cl. ' C01B3/38. H01M8/06. HOIMS/IO. B01J8/06 



B. 



SI2ES:fi-ofca/hR«»4 (iaK*SfST5Ma (IPC) ) 
Int. Cl. ' C0IB3/38. HOIHB/06. H01ii8/10, B01J8/06 



0*H^ffi«f*-i^« 1926-1996^ 

B*ai!:MI?ffi«f*4ir« 1971-2000^ 

B^lcaseilffiSrSe^^ 1994-2000^ 

B^mmmmmsm'^^ i99e-2ooo¥ 



HBRIMETttffl Ufcrn^f*— ^f^— (f— :*Oi6»» WSclcffiffl UfcfflR) 
WP I/L 



X 
Y 
A 

X 
Y 

X 
Y 



JP. 7-240224, A (H#m«lttc^#*h) 12.9^.1995 (12.09.95) . 



JP. 7-291603. A i^mWSm^^^) 7.11^.1995 (07. 11.95) . 

-^x^m (^T^y-ncb) 

us, 4692306, A (Kinetics Technology International Corporatio 
n) 8.9>«.1987 (08.09.87) , ^X^MStEP, 241166, A&DE, 3779 
350. G 



1-6 
7-10 
11-36 

1-6 
7-10 

1-6 
7-10 



[x] c«a^t)^#lct>jtitt*^JlJ*^?i^-cv^*. 



fYj W::B8iS<o*)*S:ltt-C*)o-c. SttScittfcffio ifiA 
r&j IS]— ^<7'i^ h7r ? y — 



17. 07. 00 



a»n^«w<o«^B Ot. 08.00 



0*awnFiT ( I sA/j p) 

100-8915 



«IS»» 03-3581-1 101 



4G 



9 4 3 9 



fhiSt 3 4 16 



afeCPCT/I SA/2 1 0 (SBZ'*— i^) (1998^7.3) 



SRItllS## PCT/ J POO/0258 1 



jp, 10-167701, A (ttTm^mmm^'^^) 23.6-^.1998 (23.06.9 
8) , ±xt^m. (yr^v -^i u) 

JP, 64-45736, U (S±®^5S:#th) 20.3^.1989 (20.03.89) . 

(7r ^ y-*u 



JP. 9-278402. A (S±«ttJ»^^tt) 28.10^.1997 (28.10.97) 



8 



9, 10 



»SC;PCT/I SA/2 10 m2^-i?<omi) (I 9 9 8¥7fl) 



SIRiitiR*^ PCT/J POO/0 2 58 1 



le IW tHJft<r>tim<o—U(r>9»^ifi-^^tc\i^i:^<r>lS:n. i ^-v?(0 2 <di^#) 

&SB8ifeSB3« (PCTl 7*(2)(a)) oS^lcJ:!?, ;i(oa»j«SE«ew:lJc«aiAlc J: 9 a3)tw|5BI<o-««-ov^rf^ 



3. □ »*Ottffl tt. tSJRSf*<Ottffl-efco-CPCTaaiJ6.4(a)<0»2:S:2lO«SB3X«)«SK: 



1. ^ tmXifi£-9ttmmml&^9Sl^i:-t'^'^inKl^izmHl,1i.<r>-i:, w(OHBailE«#«:. ■T'^TOWSE^ffi/iW* 



4. □ |^^JffiA*^^^«B'i:igAn^sl^E^»:^s^sr^ral*J^::Jrt#u^^3J»ofc«)•c, roBiienpiaE«#«. Bi*<o«H«ft«i»ciB« 



«S;PCT/I SA/2 1 0 mi^-i^iOtm il) ) (1 9 9 8^7^) 



